Throughout the world, millions of healthcare professionals work in health institutions and it is estimated that 600,000 to 800,000 cut and puncture injuries occur among them per year, of which approximately 50% are not registered. In hospitals it is estimated that approximately 30 injuries occur per 100 beds per year [1] . Hepatitis B virus (HBV) is the greatest threat of infection for healthcare workers (HCW). The risk of contracting hepatitis B by healthcare personnel is four times greater than that of the general adult population, among those who do not work in healthcare institutions [2] .
The discovery of HBV vaccines and the results obtained from their introduction constitute a landmark of great importance for medical practice. Besides providing immunity against HBV infection, these vaccines indirectly protect against hepatocarcinoma [3] . During the last few years, the American Health Inspection Service has demonstrated a decrease in the incidence of hepatitis B in HCW, probably due to the use of vaccines and recommended safety measures [4] .
Considering that hepatitis B virus is the etiological agent of chronic hepatopathies, and that patients with this acute infection may not develop symptoms in most cases, knowledge of aspects of this infection, such as prevalence, effectiveness of vaccination and relations to occupational exposure are fundamental for the improvement of preventive measures for health professionals.
Our objective was to determine the prevalence of HBV in HCW of a university hospital, to analyze HCW who had been vaccinated and their serological reactions, and to evaluate the risk factors for HCW with viral markers, and determine their epidemiological significance.
Material and Methods
The sample consisted of various professional categories working at the Hospital de Base (HB) of the Faculdade de Medicina de São José do Rio Preto (Famerp), São Paulo state, Brazil, a mediumsized hospital with 554 beds. From January 1994 to December 1999, 1547 healthcare professionals worked at the HB in three shifts. This group of HCW consisted of those who had direct contact with patients or who handled objects used by these patients, in disease diagnosis or auxiliary services. We did not include those who were on sick leave (N=11) and those who worked on the night shift (N=103); the total number of subjects in the study was 1433 HCW.
The group was subdivided into four groups, according to activities performed: 1-medical staff; 2-nursing (nurses, helpers, attendants and technical staff); 3-specialized technicians (X-ray, anesthesia and laboratory; biologists, biochemists, biomedical assistants, physiotherapists, perfusionists and occupational therapists), and 4-assistants and general services (radiology, laboratory, cleaning, operational services, laundry, blood bank and general services).
Two control groups were established to evaluate the prevalence of hepatitis B virus infection and to compare it to that observed in the HCW. The first group (N = 872) consisted of staff personnel working in administration; they had no contact with the patients. The second group was made up of blood donor candidates (N = 2583) of the Blood Bank of the Fundação Faculdade Regional de Medicina de São José do Rio Preto (Funfarme) in May 1999. The data regarding the HCW and administrative staff was compiled by the Occupational Therapy Service of the HB from admittance exams, periodical checkups, and reported work-related injuries.
Each sector was classified according to the risk of infection: maximum risk (hemodialysis, hemocenter, hemodynamics, blood bank, infectious diseases, emergency, laboratory, Intensive Care Unit and transplant unit), medium risk (internal medicine ward, surgery and pediatrics, material distribution, endoscopy, laundry (dirty laundry area), peritoneal dialysis and surgery room), and minimum risk (center of operations, graphics, cleaning and hygiene services, radiology, chemotherapy and trash collection).
Research was done using the enzyme immunoassay technique (ELISA) with HBsAg antigen and antibody serum (Hepanostika HBsAg UniForm II), anti-HBs (Hepanostika anti-HBs New) and anti-HBc (Hepanostika anti-HBc UniForm), all from Organon Lab (Boxtel, Netherlands); these were the serological markers of viral hepatitis B infection, in HCW and administration personnel.
Health staff with positive anti-HBs and anti-HBc results were considered immune (naturally-acquired immunity). Those with negative HbsAg, and/or separate negative anti-HBs or separate positive anti-HBc, were oriented to take the recombinant hepatitis B vaccine, Engerix B (SmithKline, Rixensart, Belgium), administered in triple doses of 20 µg each of the antigens by intramuscular injection in the deltoid region, with a one month interval between the first and second dose, and a five-month interval between the second and third dose (complete vaccination).
The collection of the second blood sample was done about a month after the third shot of the vaccine given to the HCW. This was done so that an evaluation of the seroconversion (research and quantification of antiHBs) could be made, considering as positive results those that were equal or superior to 10 IU/L.
Work-related injuries were defined as those that occurred and were registered during working hours at the Hospital de Base, characterized by any percutaneous lesion with cutting or perforating objects, contact with biological material (blood, cerebrospinal fluid, amniotic and pleural fluids, urine or feces) on broken skin or mucus, and bites by patients.
In the case of work-related injuries, health professionals were submitted to hepatitis B serology on three separate occasions: on the date of the accident, six months and 12 months after exposure to biological material from known or unknown source-patients.
Four models that analyzed HBsAg dependent variables and positive anti-HBs and the work-related injuries with biological material were evaluated, using the odds ratio calculation (OR) adjusted with a confidence interval (CI). The significance probability was p < 0.05.
Results
The prevalence of viral hepatitis B (HBsAg) infection in HCW, administrative staff, and in blood donor candidates was recorded ( Table 1) . The HCW had significantly higher values than did blood-donor candidates (χ2 = 7.65; p < 0.05).
Positive anti-HBc serological reaction was detected in the serum of 9.4% of HCW. Those with positive serology were significantly older than the ones who tested negative (p = 0.031). The same occurred with the men in relation to the women (p = 0.046; χ2 with Yates' correction. Health professionals who worked in the maximum risk sectors frequently had significantly higher positive serology than those who worked in other sectors (χ2 test, p = 0.011). Length of service, professional category, and the occurrence of an accident at work did not significantly influence the serology.
Serological tests (anti-HBs) were made after vaccination ( Table 2 Of the total number of HCW (N = 1433) observed during the period of this study, 342 (23.9%) were involved in registered work-related injuries with biological materials, furthermore, 21% of the sourcepatients had positive serology for HIV, HBsAg or anti-HCV, 15 .6% (N = 71) tested negative and 63.4% (N = 289) were unknown cases.
Hepatitis B serological results in HCW who had accidents and registered them on the date of the accident, identified 1.8% (N = 6/342) cases of positive HBsAg. Serology performed in the follow-up 6 and 12 months later, gave the same results and there were no cases of infection serologically demonstrated during the period of this study.
Discussion
Studies on seroprevalence were made with HCW to assess the risk and frequency of blood borne diseases; we found that the prevalence of HBV is greater among HCW when compared to the general population. The prevalence found (0.8%) was similar to findings in the literature [5] [6] [7] [8] [9] [10] , which also indicated that HBsAg is significantly more frequent in HCW when compared to blood donor candidates. In the hospital administration staff, which has no contact with patients, the prevalence of HBV infection was the same as for the blood donor candidates.
The hospital where the study was made is a university hospital, for tertiary and high complexity care. These factors make these HCW susceptible to a greater number of occurrences of HBV infection, which associated with the existence of asymptomatic HBsAg carriers in the general population, make it more difficult to assess the risk of viral infection in percutaneous accidents.
Positive anti-HBc serological reaction was found in the serum of 9.4% of HCW. Similar results were found A study carried out during an outbreak of HBV hospital infection made it clear that the HCW who had surface antibodies against the virus were protected [14] . Beginning in 1982, hepatitis B vaccine was evaluated in various studies, demonstrating its efficiency [15] . Since HCW have a greater probability of acquiring this infection, because they are occupationally exposed, the need for vaccination against this disease should be considered a priority.
The hepatitis B vaccination program at the Hospital de Base enabled the application of the complete set of vaccines to 73.5% of the HCW. The result, when compared with those of Costa et al. [16] -39.3% and Luz et al. [17] -58.9%, demonstrates that the vaccination program was successful. This may also be attributed to the previous explanations on the risks and efficiency of the vaccine being used. These vaccination percentage results were similar to those of studies performed in 232 American hospitals, of which 75% had a vaccination program and 77% initially paid for the vaccination of high risk HCW and later did the same for all who were exposed [18] . The best rate of compliance occurred in hospitals that paid for the vaccine and made vaccination mandatory. This attitude was adopted in our investigation. The post-vaccine serological test is recommended for all who work in clinical environments and depend on being immunized. Anti-HBs serology was performed on all HCW who were vaccinated. Of those who received the full vaccination, 86.4% tested positive, that is they were Hepatitis B in Healthcare Workers immunized against HBV infection, emphasizing the efficiency and importance of this vaccine. Almost 20% of those who were not vaccinated had already acquired natural immunity through previous contact with HBV, and probably if they continued to be exposed, though at a low intensity, this would mean that they would acquire increased immunization instead of infection. These results were similar to those of Lanphear et al. [19] . Among HCW with positive anti-HBs serology, immunization decreased with increasing age. Krugman & Stevens [20] found the same results in those who were over 40 years old. Positive HBsAg serology was associated with extended time in service, as also reported by Coelho [12] and Janzen et al. [21] .
Handling material contaminated with blood or secretion is intrinsic to HCW activities. The main problem, however, is that these professionals often handle the material incorrectly, increasing the risk of accidents. In this study, 456 reported accidents with biological materials occurred and source-patient serology tested 21% positive for the HIV, HBV or HCV pathogens, thus increasing the risk of blood-borne pathogen transmission. This frequency was relatively higher when compared to that found by Kelen et al. [22] and Lanphear et al. [23] , but lower than that found by Marino et al. [24] .
The serological follow-up performed on the HCW who suffered accidents was complemented, in all cases, with a follow-up during at least one year after exposure. Although the recommended time for follow-up is six months, in this research the period was increased to one year, because there are cases described in the medical literature of antibodies detected after six months, indicating late seroconversion, as noted by Gerberding et al. [25] .
Among the reported accidents, there were no cases of hepatitis B seroconversion. The same result was found by Baldo et al. [26] . Although there were no cases of seroconversion registered during this study, work-related accidents were associated with HCW who presented positive serology. This association was relevant because of frequent occupational exposure. This finding confirms the conclusions made by Dienstag et al. [27] and Hadler et al. [28] .
With regards to HBV infection, efforts have been focused on reducing the occurrence of exposure to blood and body fluids. These strategies include reevaluating the kind of material used, demanding strict compliance for protection in risky occupational procedures, the use of gloves and other barriers and a follow-up with serological tests whenever there is a case of work-related injury with biological material, as well as mandatory vaccination and treatment after exposure.
Making the risks of HBV infection known, as well as knowledge on the serology and need for preventive measures (universal precaution and vaccination) are fundamental factors to protect HCW against this disease.
